There is a debate about the optimal dietary ratio of the parent n6 fatty acid linoleic acid (LA) and n3 fatty acid alpha-linolenic acid (ALA) to promote an efficient conversion of ALA to EPA and DHA, which have implications for human health. The aim of the present study was to compare the effects of a low-LA/ high-ALA ( lo LA/ hi ALA) diet with a high-LA/low-ALA ( hi LA/ lo ALA) diet on fatty acid concentrations in red blood cells (RBCs). Fifteen omnivore healthy men (mean age 26.1 ± 4.5 years) with a low initial EPA/DHA status (sum (∑) EPA + DHA% of total fatty acids in RBC at baseline: 4.03 ± 0.17) received both diets for two weeks with a nine-week wash-out phase in between. Fatty acid intake of the subjects was tightly unaffected. The hi LA/ lo ALA diet led to slightly decreased EPA concentrations, while all other fatty acid concentrations remained constant. Compared to our previous study, where we simply increased the ALA intake, our results show that ALA supplementation combined with a reduced LA intake ( lo LA/ hi ALA diet) more efficiently enhanced EPA blood concentrations. The absence of changes in the PUFA pattern in consequence of a LA/ALA ratio of 25.6 ± 2.41 : 1 suggests that the high LA/ALA ratio of the Western diet already leads to a saturation and a further increase of the ratio does not affect the PUFA pattern.
Effects of a low and a high dietary LA/ALA ratio on long-chain PUFA concentrations in red blood cells † There is a debate about the optimal dietary ratio of the parent n6 fatty acid linoleic acid (LA) and n3 fatty acid alpha-linolenic acid (ALA) to promote an efficient conversion of ALA to EPA and DHA, which have implications for human health. The aim of the present study was to compare the effects of a low-LA/ high-ALA ( lo LA/ hi ALA) diet with a high-LA/low-ALA ( hi LA/ lo ALA) diet on fatty acid concentrations in red blood cells (RBCs) . Fifteen omnivore healthy men (mean age 26.1 ± 4.5 years) with a low initial EPA/DHA status (sum (∑) EPA + DHA% of total fatty acids in RBC at baseline: 4.03 ± 0.17) received both diets for two weeks with a nine-week wash-out phase in between. Fatty acid intake of the subjects was tightly controlled. Concentrations [µg mL −1 ] and relative amounts [% of total fatty acids] of fatty acids in RBCs
Introduction
The long chain (LC) omega-3 (n3) polyunsaturated fatty acids (PUFAs) eicosapentaenoic acid (EPA, C20:5n3) and docosahexaenoic acid (DHA, C22:6n3) are known for their beneficial health effects mainly with regard to cardiovascular [1] [2] [3] [4] [5] and cognitive health. [6] [7] [8] Dietary sources of EPA and DHA are limited and in the Western diet intake of these fatty acids is far below the recommendations. Accordingly, blood levels of EPA and DHA are low. 9 The essential n3 precursor fatty acid alpha-linolenic acid (ALA, C18:3n3) is present in high amounts in some plant oils, particularly linseed-, chia-, perilla-and walnut oil and can be converted into EPA and DHA in a multistep elongation and desaturation reaction. 10 However, the efficiency of this process is generally low in adult humans. 11 It is, inter alia, influenced by the intake of the n6 precursor fatty acid linoleic acid (LA, C18:2n6) due to competition for the same desaturation and elongation enzymes 12, 13 and for incorporation into cell membranes. 14 The intake of LA has increased substantially in Western diets during the last century. 15, 16 Consequently, the dietary ratio of the n6 fatty acid LA to the n3 fatty acid ALA is about 10-20:1 (ref. [17] [18] [19] which is viewed as unfavorable and may result in an inefficient conversion of ALA to the physiologically important n3 PUFAs EPA and DHA. 12, 13 A reduction of LA has been suggested to enhance the conversion of ALA to the longer chain n3 PUFAs EPA and DHA. Therefore, the biological efficacy of n3 PUFAs is improved and at the same time production of n6 derived pro-inflammatory mediators is decreased. 20 The aim of our study was to compare two extreme ratios of LA to ALA involving a low-LA/high-ALA ( lo LA/ hi ALA) diet with a ratio of 0. low in LA and practically free of n3 fatty acids including ALA, EPA and DHA. The lunch meals were identical in both intervention phases. Subjects were allowed to eat lunch meals ad libitum. The consumed portions were all weighed.
(B) Complete replacement and standardization of the spreadable fat. Participants had to consume 60 g of provided margarine per week in both intervention phases, which should replace other spreadable fat. The margarine had a fat content of 74.3 g per 100 g with a LA content of 15.2% and an ALA content of 6.8%. Via margarine, participants therefore consumed 0.97 g LA and 0.43 g ALA per day.
(C) Daily supplementation of an ALA-and a LA-rich vegetable oil to adjust the intake of LA and ALA of the participants. In the intervention period with the lo LA/ hi ALA diet subjects daily ingested 22.3 g of linseed oil with an ALA content of 55.9% of total fatty acids (Table 1 ) resulting in a daily ALA intake from linseed oil of 12.5 g per day. In the intervention period with the hi LA/ lo ALA diet, subjects ingested a daily dose of 22.3 g of sunflower oil with a LA content of 62.5% (Table 1) . Hence, daily LA intake from sunflower oil was 13.9 g per day.
(D) Subjects were instructed to consume a low-fat and PUFA-poor diet containing no vegetable fats, but lots of fruit and vegetables, low-fat dairy products and white flour products. The subjects were provided with take-away foods (e.g. fruits, vegetable-soups, white bread) to help them comply with the PUFA-poor diet. The participants were requested to maintain their diet unchanged during both intervention phases. The subjects had to record the consumed foods and drinks during both intervention phases in (daily) nutritional records. The nutritional records were checked daily for the requested nutrition, completeness, readability and plausibility by nutritionists and, if necessary, ambiguities were clarified directly with the subjects. The analysis of energy and nutrient intake was implemented using PRODI® (Nutri-Science GmbH, Freiburg, Germany). In addition, the fat content and the fatty acid composition of the provided lunch was analyzed by GC and included in the PRODI® analysis.
Study population
Participants were recruited from the general population in Hannover, Germany by advertisements. Subjects were preselected via screening questionnaires according to the following inclusion criteria: Male sex, age between 20 and 40 years, body mass index (BMI) between 20 and 27 kg m −2 , mixed diet with low meat and fish consumption. Exclusion criteria were defined as followed: Smoking, serum triglyceride (TG) levels ≥150 mg dl −1 (≥1.7 mmol l −1 ); serum total cholesterol levels
; a relative amount of ∑EPA + DHA in red blood cells ≤3 and ≥6%, intake of fish (>2 times per week) as well as addiction to alcohol, drugs and/or medications and diseases: chronic diseases (e.g. malignant tumors, manifest cardiovascular disease, insulin-dependent type 1 and 2 diabetes, severe renal or liver diseases); chronic gastrointestinal disorders (especially small intestine, pancreas, liver) as well as prior gastrointestinal surgical procedures (e.g. gastrectomy); hormonal disorders (e.g. Cushing's syndrome and untreated hyperthyroidism); uncontrolled hypertension; blood coagulation disorders and intake of coagulation-inhibiting drugs; periodic intake of laxatives; intake of anti-inflammatory drugs (incl. acetylsalicylic acid); intake of lipid lowering drugs or supplements during the last 3 months before baseline examination. Inclusion and exclusion criteria were assessed via questionnaires. The pre-selected subjects were invited for a screening examination to collect fasting blood for the analysis of serum lipid levels, liver enzymes and fatty acid patterns in RBC.
Proband examination, blood sampling and pre-analytical procedures During each examination, fasting blood was collected, blood pressure was measured and subjects completed a questionnaire to obtain information about changes in medication and lifestyle habits (e.g. physical activity), as well as the tolerability of linseed and sunflower oil. Blood samples were obtained by venipuncture of an arm vein using Multiflyneedles (Sarstedt, Nümbrecht, Germany) into serum and EDTA monovettes (Sarstedt). All six examinations, including blood sampling, were performed at the same time for each subject. For analysis of fatty acids in RBCs, the cell sediment after centrifugation for 10 min at 1500g and 4°C and removal of plasma was reconstituted in PBS to the initial blood volume, transferred into 1.5 mL Eppendorf tubes and immediately frozen and stored at −80°C until extraction and analysis. All transfer steps were carried out on ice. Serum lipid levels, liver enzymes and small blood picture were determined in the LADR laboratory (Laborärztliche Arbeitsgemeinschaft für Diagnostik und Rationalisierung e.V.), Hannover, Germany.
Fatty acid analyses
The total fat content of food samples was determined by gravimetry after lipid extraction according to Weibull-Stoldt performed as rapid microextraction. 24 Fatty acids in blood cells were analyzed as fatty acid methyl esters (FAME) by means of gas chromatography with flame ionization detection (GC-FID) on a 6890 series GC instrument (Agilent, Waldbronn, Germany) as described 25 In RBC samples additionally to the concentration expressed as µg fatty acid per mL blood, the relative amount (% of total fatty acids) of each fatty acid was calculated directly based on peak areas. 25 
Calculations and statistics
Results of anthropometrical measures, serum lipid levels and dietary energy and fat intake are stated as mean ± standard deviation (SD), while PUFA levels in RBCs and its relative change (%) are stated as mean ± standard error (SE). If the concentration of an analyte was below the lower limit of quantification (LLOQ) in more than 50% of the samples at one time point, the LLOQ is given for this analyte. Relative changes of the variables (v) were calculated individually for each subject at each time point (x) as Δ%, calculated by: Δ% = 100 × (vt x − vt 0 )/vt 0 . The distributions of the sample sets were analyzed by means of the Kolmogorov-Smirnov test. t-Tests for paired samples were used to determine statistical significance between the two interventions at baseline (day 0), after seven days (day 7) and after 14 days (day 14). To examine differences between the two interventions, two-factorial ANOVAs with repeated measurements of both factors were used. One-factorial ANOVAs with repeated measurements were carried out to examine the effect of time within the two interventions (day 0, day 7, day 14) separately for each intervention. Post-hoc t-tests for paired samples with Holm-Bonferroni-adjusted levels of significance were used to evaluate differences between the time points. Statistical significance was set at p ≤ 0.05 for all analyses. All statistical analyses were carried out with SPSS software (Version 24, SPSS Inc., Chicago, IL, USA).
Results

Study population
Fifteen male subjects met the criteria and thus were included in the study. All participants (mean age 26.1 ± 4.53 years) were healthy and had a normal BMI (24.0 ± 1.65 kg m −2 ) and serum lipid pattern (Table 3) . Before the beginning of the first fourweek run-in phase, the study collective consumed a normal mixed diet (including 2-3 portions of meat per week) with low fish consumption (≤1 serving fish per week) and low fruit and vegetable consumption (1-2 portions per day) and had a medium physical activity status (3-5 hours of sports per week) and a high education level (all participants had the general matriculation standard). All 15 participants completed the two intervention periods and attended at all six examinations. During the intervention periods, mean fruit and vegetable consumption increased to 5 portions per day, meat intake decreased to 2 portions per week and fish was not consumed during the intervention periods.
The examination of the dietary records combined with analysis of fatty acids in the lunch meal showed that the LA intake was 7.30 ± 0. 37 (Table 2) . Clinical and anthropometric parameters of the participants were not significantly different between both interventions at baseline (Table 3) . A slight decrease in body weight, BMI, total cholesterol (TC), low density lipoprotein (LDL) and high density lipoprotein (HDL) was observed in both intervention periods. During hi LA/ lo ALA diet, but not during lo LA/ hi ALA diet, the diastolic blood pressure decreased. All other parameters remained constant in both intervention periods ( Table 3) .
Changes of fatty acid patterns in RBCs
At baseline, there were only a few marginal differences in the fatty acid patterns of RBCs between both intervention phases (Table S1 † The two different dietary ratios of LA to ALA led to significantly different changes of the PUFA concentrations of ALA, LA, EPA and ∑EPA + DHA (Table S1 †). In the following, the fatty acid concentrations are discussed unless the relative fatty acid distribution showed a different trend.
ALA
In the course of the lo LA/ hi ALA diet ALA concentrations increased rapidly ( p < 0.001) from 1.44 ± 0.17 µg mL −1 at baseline to 5.63 ± 0.45 µg mL −1 at day 7 and to 6.34 ± 0.63 µg mL
at day 14, corresponding to a mean change of 332 ± 40% and 354 ± 47% (Table 4 and Fig. 2A ), whereas during hi LA/ lo ALA diet ALA concentrations dropped after 7 days from 1.47 ± 0.13 µg mL −1 to 1.09 ± 0.09 µg mL −1 ( p = 0.011) and increased again at day 14 to 1.41 ± 0.17 µg mL −1 , which is not significantly different from the baseline level (Table 5 and Fig. 2A ).
LA
In the course of the lo LA/ hi ALA diet a linear non-significant decrease of LA concentrations was observed between baseline (101 ± 3.78 µg mL −1 ), day 7 (91.6 ± 2.59 µg mL −1 ) and day 14 (82.8 ± 2.75 µg mL −1 ) ( Table 4 and Fig. 2F ). Following the hi LA/ lo ALA diet, LA concentrations non-significantly increased from 99.1 ± 2.89 µg mL −1 at baseline to 110 ± 3.51 µg mL −1 at day 14 (Table 5 and Fig. 2F ).
EPA
EPA concentrations increased during lo LA/ hi ALA diet from 5.49 ± 0.48 µg mL −1 at baseline to 6.97 ± 0.55 µg mL −1 at day 7
( p = 0.019) and to 8.27 ± 0.82 µg mL −1 at day 14 ( p = 0.008), corresponding to a mean change of 35.0 ± 13% and 57.6 ± 18% (Table 4 and at day 14 (p = 0.025), corresponding to a mean change of −11.2 ± 2.1% and −12.9 ± 3.6% (Table 5 and Fig. 2B ). Differences in EPA concentrations between both interventions at time point day 7 and day 14 were highly significant (p < 0.001) (Table S1 †).
DPAn3 and DPAn6
DPAn3 concentrations remained constant during both intervention phases (Tables 4, 5 & S1, † Fig. 2C ). However, the relative DPAn3 amount slightly increased ( p = 0.004) during lo LA/ hi ALA diet from 2.62 ± 0.09% of total fatty acids at baseline to 2.91 ± 0.10% at day 14 (Table 4 and Fig. 2C ) and slightly decreased ( p = 0.021) during hi LA/ lo ALA diet from 2.82 ± 0.09% at baseline to 2.67 ± 0.10% at day 14 (Table 5 and Fig. 2C ).
However, it has to be noted that baseline relative amounts of DPAn3 were significantly different ( p = 0.005) between lo LA/ hi ALA and hi LA/ lo ALA diet (Table S1 † (Table S1 †) .
∑EPA + DHA
The concentration of ∑EPA + DHA in RBCs increased slightly (n.s.) in response to the 14-day lo LA/ hi ALA diet from 41.6 ± 2.04 µg mL −1 (baseline) to 42.8 ± 2.04 µg mL −1 (day 7) and to 44.1 ± 1.96 µg mL −1 (day 14) (Table 4 and Fig. 2E ). The relative amount of ∑EPA + DHA in RBCs increased marginally but sig- nificantly (p = 0.019) in response to the lo LA/ hi ALA diet from initially 4.03 ± 0.17% of total fatty acids to 4.76 ± 0.20% of total fatty acids at day 14 (Table 4 and Fig. 2E ). In the course of the hi LA/ lo ALA diet the concentration of ∑EPA + DHA in RBCs remained constant, though, the relative amount of ∑EPA + DHA in RBCs decreased slightly (p = 0.031) from 4.03 ± 0.18% of total fatty acids to 3.93 ± 0.17% at day 14 (Table 5 and Fig. 2E ).
Discussion
Study design
The design of clinical trials to investigate the effect of different dietary LA/ALA ratios on PUFA concentrations in blood is challenging. Although ALA is only present in a few plant oils and its intake can easily be controlled, LA is nowadays ubiquitous in our daily diet due to the widespread use of LA-rich vegetable oils especially in ready meals and take-away foods. This makes attempts to reduce the LA intake of free-living individuals difficult. 26 Numerous human studies have attempted to establish a defined dietary ratio of the precursor fatty acids LA and ALA to investigate the effect on the n3 PUFA status. 20, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] According to a current review from Wood et al., 26 the majority of these studies, exhibited some or several methodological weaknesses such as studying males and females together, [28] [29] [30] [31] [32] [33] [34] [35] [36] 13 Therefore, it is suggested that males and females are either stratified or studied separately. 26 The aim of our study was to compare the effects of two different dietary LA/ALA ratios on fatty acid concentrations in RBC with special emphasis on LC n3 PUFAs. A homogenous study collective of healthy, non-smoking men within a narrow range regarding age (mean age 26.1 ± 4.53 years) and BMI (24.0 ± 1.65 kg m ) was chosen to prevent/minimize the influence of gender, smoking, age, and BMI on PUFA metabolism. Likewise, our study approach includes further methodological considerations with the aim to overcome methodological weaknesses listed above. This involves in particular constant background diet and defined low-variable PUFA intake as well as subjects acting as their own controls (cross-over design), and run-in and wash-out phase. Other studies with the aim to modify LA and ALA intake mostly supplemented margarine and/or plant oils additionally to the normal background nutrition of the participants to achieve the desired ratio of LA to ALA. 20, 28, 29, 32, 33, [38] [39] [40] [41] 43 Studies, where subjects acted as their own controls are rare. 20, 39 With the two experimental diets a low-LA (2.78 en%) and a high-ALA (4.98 en%) diet and a high-LA (6.95 en%) and low-ALA (0.27 en%) diet were achieved, which correspond to a LA/ ALA ratio of 0.56 ± 0.27 : 1 and 25.6 ± 2.41 : 1, respectively. These ratios can be classified as extreme examples of a desirable presumably health-promotive LA/ALA ratio ( lo LA/ hi ALA 
14.5 ± 0.82 14.1 ± 0.82 n.s. 15.9 ± 0.89 n.s. 0.010 % of total FA 1.47 ± 0.08 1.50 ± -n.s. 1.54 ± 0.09 -n.s. C21:0 (µg mL
145 ± 4.10 138 ± 3.33 n.s. 151 ± 3.86 n.s. 0.011 % of total FA 14.6 ± 0.19 14.7 ± 0.14 -14.6 ± 0.20 -n.s. C20:3n3 (µg mL diet, <5 : 1) and an unfavorable LA/ALA ratio ( hi LA/ lo ALA diet, ≫5 : 1) as it is typical for Western diets. The variations in LA and ALA intake between the probands were minimal in both intervention periods. Moreover, no differences in the (extremely low) background intake of the LC PUFAs AA, EPA, DPAn3 and DHA were observed between the two intervention periods. Total PUFA intake was significantly higher in the lo LA/ hi ALA diet compared to the hi LA/ lo ALA diet due to the higher PUFA content of linseed oil (69.8% of total fatty acids) compared to sunflower oil (62.5% of total fatty acids). The higher MUFA intake in the hi LA/ lo ALA diet was possibly the result of a higher MUFA content of sunflower oil (28.2% of total fatty acids) as compared to linseed oil (19.3% of total fatty acids). The intake of main nutrients ( protein, carbohydrates, fat) and energy remained constant between the two intervention periods. These results suggest the applicability of our experimental design and the good compliance of the probands.
RBC fatty acid concentrations
With a few minor exceptions, no significant differences regarding the RBC fatty acid concentrations were observed between the baseline time points of both intervention phases revealing that the run-in and wash-out phase was sufficiently long.
The lo LA/ hi ALA diet was effective in increasing ALA and EPA concentrations in RBC membranes. This is in line with the observations of the systematic review of Wood et al. 26 who state that a combination of a decrease of LA and a simultaneous increase of ALA intake is most effective in improving the n3 PUFA status.
As expected, the lo LA/ hi ALA diet resulted in a strong increase of ALA concentrations of 332 ± 40% (day 7) and 354 ± 47% (day 14) in RBCs. This comparably large increase of ALA concentrations is greater compared to our previous study, where only ALA was given (12.9 g d ) via the same linseed oil but without LA restriction. 51 In this study the ALA increase in RBCs was 238 ± 24% after 7 days and 294 ± 23% after 3 weeks. 51 The study collective was almost identical in both studies. Obviously, in this study the low LA content of the diet (all other dietary factors remained constant) contributed to the greater increase of ALA and n3 PUFAs. The reason is probably a competition between LA and ALA for the incorporation into cell membranes.
14 Our finding that EPA concentrations in RBCs significantly increased by 35.0 ± 13% after 7 days and by 57.6 ± 18% after 14 days following the lo LA/ hi ALA diet is a likely result of an increasing conversion of ALA to EPA, since no EPA was ingested via the background diet. Also other studies that increased the total ALA intake to 1.1-6.3 en% observed significantly higher EPA amounts, albeit with great variability [27] [28] [29] 36, 38, [40] [41] [42] [43] [44] reviewed by Wood et al. 26 The efficiency of ALA conversion is, besides other factors, mainly dependent on the ALA dose, which essentially explains the fluctuations of the studies cited above. 26 In a similar study, a 6-week intervention with ALA from linseed oil (LA/ALA ratio of 1 : 1) resulted in a 47.2% increase of relative EPA amounts in RBCs. 33 The reason for this comparatively small increase after 6 weeks of intervention may be the lower ALA dose of 8.7 ± 2.2 g d −1
. Furthermore, it is discussed whether the ALA conversion also depends on the LA intake. 12, 13 Our data support this assumption as the ALA conversion to EPA can be further enhanced by reducing the LA content compared to our previous study with a higher LA intake. 51 In our previous study with a similar ALA dose, but uncontrolled and highly variable LA intake (the LA intake was 9.32 ± 5.93 g d −1 ; 3.2 en%), a smaller increase of EPA concentrations in RBCs was observed (28.5 ± 10% after one week and 49.2 ± 14% after three weeks). 51 However, due to the daily contact with the subjects in this study compared to the previous study, a higher level of compliance can be assumed. An influence of the EPA status can be excluded as the relative EPA amount in RBCs was almost the same in the study collective of both studies (0.53 ± 0.04% vs. 0.60 ± 0.04% of total fatty acids of RBC in the previous study). If larger studies confirm this phenomenon, the meaningfulness of recommending a LA/ALA ratio of 1 : 1 (ref.
19 and 52) without considering absolute LA and ALA intake amounts is questionable. At least the effect of the lo LA/ hi ALA diet on the relative amount of ∑EPA + DHA in RBCs -which is an established marker for protective effects of n3 PUFA with regard to cardiac, cerebral and general health -is stronger compared to a simple ALA supplementation. The relative amount of ∑EPA + DHA in RBCs significantly ( p = 0.019) increased by 11.3 ± 3.7% (4.03 ± 0.17% to 4.76 ± 0.20% of total fatty acids) in only 14 days after the lo LA/ hi ALA diet, whereas it remained constant over 12 weeks of daily ALA supplementation without LA restriction. 51 During the hi LA/ lo ALA diet EPA concentrations slightly decreased by −11.2 ± 2% after 7 days and −12.9 ± 3.6% after 14 days. A study with a similar LA/ALA ratio of 26 : 1 including 7.8 g d −1 LA (1.4 en%) and 0.30 g d −1 ALA (0.09 en%) also observed decreasing EPA levels in cholesterol ester fatty acids. 43 The reason for this EPA decrease may be the fish restricted diet which is lacking EPA and DHA 43 and the small amount of ALA available for conversion to EPA. It is likely that the high amount of LA may competitively displace ALA for conversion enzymes.
Regarding the effects of ALA supplementation and different LA/ALA ratios on DHA, the results of current studies are heterogeneous. In some studies, DHA in blood remained constant, 40 while others found increasing 13, [53] [54] [55] [56] [57] or decreasing 51 levels. In the present study, we observed constant DHA concentrations in both intervention phases. Since DHA intake via the background diet was practically unchanged at a very low rate (30 mg vs. 20 mg per day), it is likely that increasing ALA and EPA levels after the lo LA/ hi ALA diet are not converted to DHA. However, the timeframe of 14 days may be too short to observe significant changes in DHA concentrations. Wood et al. 26 concluded that ALA supplementation studies with decreased LA intake -as our study -were able to increase DHA concentrations. Our results cannot confirm this observation, on the one hand possibly due to the short intervention time and on the other hand also due to the high ALA dose in this study. The high ALA intake may lead to a competitive saturation of the delta-6 desaturase, and thus the conversion of EPA to DHA (precisely of 24:5n3 to 24:6n3) may be inhibited by the conversion of ALA to EPA (precisely of 18:3n3 to 18:4n3). 11 The shift in the ALA/EPA ratio in RBCs from 0.28 ± 0.03 (baseline) to 0.87 ± 0.10 (day 7) and 0.83 ± 0.10 (day 14) indicates that there is indeed a change in the substrate availability for the delta-6 desaturase. Hence, no clear conclusions can be drawn on whether it is possible to improve DHA status without eating fish or other marine products. However, the relative amount of ∑EPA + DHA in RBCs -which is an established marker for health protective effects of n3 PUFA -increased significantly (p = 0.019) in response to the lo LA/ hi ALA from 4.03 ± 0.17% (day 0) to 4.76 ± 0.20% of total fatty acids (day 14). Although the increase is relatively small (and mainly due to the increase in EPA), it would be interesting to investigate the (health) effects on this parameter in an intervention period of more than two weeks. Only minor changes of the RBC fatty acid patterns were observed in consequence of the hi LA/ lo ALA diet. Concentrations of LA, ALA, AA and DHA were unchanged. Considering that the investigated LA/ALA ratio of 25.6 : 1 is close to that of the Western diet of 10-20 : 1, 18,19 the almost constant fatty acid pattern is plausible and therefore in line with the expectations.
Limitations
Despite extensive efforts to create a methodical set-up that allows an adequate examination of the effect of different LA/ ALA ratios on the n3 PUFA pattern in blood, this study is also subject to methodical limitations. First, our study is limited by a small sample size and a short duration time, which owes primarily to the extremely elaborate methodology. Additionally, it is questionable if the compliance of the subjects to follow the manifold dietary restrictions to consume a low-fat and low-PUFA diet would have declined with longer study duration. Second, changes in the fatty acid pattern were only measured in RBCs. The changes of PUFA concentrations in RBCs are determined by the blood cell turnover (mean life span of red blood cell is approximately 120 days in circulation) and thus PUFA changes do not fully reach the RBCs. Nevertheless, strong changes in PUFA concentration in RBCs were observed already after seven days suggesting that the PUFA incorporation into newly formed RBCs is sufficient to reflect changes in the PUFA status. Likewise, the fatty acid patterns in RBCs showed the lowest intra-individual variability compared to plasma and plasma phospholipids levels, and thus, appearing as the most suitable biomarker. 58 
Conclusion
We observed a greater increase in RBC EPA concentrations when a high ALA intake was combined with a reduced LA intake ( lo LA/ hi ALA diet) compared to a previous study, where we simply increased the ALA intake without LA restriction. Our data support that a high LA intake might impede the ALA conversion to EPA. Further studies are needed to investigate the influence of high LA doses on the n3 PUFA status, especially in view of the high LA and low ALA intake and low ∑EPA + DHA status in many Western countries. Minor changes in the fatty acid profile in consequence of the hi LA/ lo ALA diet suggest that the LA/ALA ratio of 25.6 : 1 is similar to that of the Western diet. 
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